Background-Chronic diarrhoea is the clinical hallmark of patients presenting with idiopathic bile acid malabsorption. Its pathogenesis is unknown; colonic water secretion can be induced by dihydroxy bile acids, but it is not known whether enrichment of the bile acid pool with these bile acids occurs in such patients. Furthermore, bile acid malabsorption is known to aVect biliary lipid composition, but no information is available for the idiopathic type. (Gut 1998;43:812-816) 
Idiopathic, or type II, bile acid malabsorption (IBAM) is a condition characterised by chronic or intermittent diarrhoea in the presence of bile acid malabsorption of unknown origin and a symptomatic response to cholestyramine. Since its first description in 1973, it has been considered a rare condition. 1 However, it is possible that the condition has been underdiagnosed, as its identification has for many years relied on showing excess faecal losses of bile acids, which requires the unpleasant handling of faeces and technical equipment not universally available. The availability of 75 SeHCAT ( 75 selena homocholic acid taurine) as a test substance for measuring bile acid turnover rate using abdominal scintigraphy has provided a much simpler procedure for diagnosing bile acid malabsorption. [2] [3] [4] Consequently, IBAM has progressively seemed a more frequent condition than previously appreciated. 5 6 A multicentre study has recently estimated that its prevalence is over 50% in patients with functional diarrhoea and even higher in those with an increased faecal wet weight. 7 The pathogenesis of IBAM is still unknown, and diVerent mechanisms have been suggested. Morphological changes in terminal ileum biopsy specimens have been described in three patients with abnormal immune function, and an autoimmune disorder has been hypothesised as a possible mechanism leading to IBAM, 8 but these findings have not been confirmed. A defect in ileal bile acid uptake measured ex vivo has been suggested in two young patients with IBAM. 9 Using more sophisticated techniques, Van Tilburg et al have not been able to confirm a bile acid carrier defect in biopsy specimens of the terminal ileum. 10 Finally, mutations in the ileal sodium dependent bile acid transporter gene have been reported in members of a family with congenital idiopathic bile acid malabsorption. 11 In the absence of a well defined disorder in the active bile acid absorption system, other hypotheses have been suggested, such as increased small intestinal motility and increased total bile acid pool, to an extent to overcome the ileal active absorption eYciency. 12 A similar uncertainty exists over the possible mechanisms causing diarrhoea in patients with IBAM. Dihydroxy bile acids, such as chenodeoxycholic and deoxycholic acid, are known to inhibit colonic sodium reabsorption, thus causing diarrhoea. Although enrichment of the bile acid pool with dihydroxy bile acids has been hypothesised as possibly contributing to diarrhoea in IBAM, 6 10 there are no data on the composition of the bile acid pool in such patients.
Chronic bile acid malabsorption is known to alter biliary lipid and bile acid composition. Information is available for type I or organic bile acid malabsorption, 13 14 but not for patients with IBAM. We only found one report of two young patients with IBAM in a study of five individuals with bile acid malabsorption, in whom biliary lipids were measured before and after puberty. The authors found that cholesterol supersaturation developed in duodenal bile after puberty. 15 The aim of our study was to measure biliary lipid and bile acid composition of patients with IBAM, in order to assess: (a) whether their diarrhoea is associated with biliary enrichment with dihydroxy bile acids; and (b) whether supersaturation with cholesterol of duodenal bile occurs as a consequence of chronic bile acid depletion, indicating an increased risk of cholesterol gall stone formation.
Patients and methods
We studied 13 patients with IBAM (mean age 40 years; five men and eight women). All patients were referred to our hospital because of a history of chronic/intermittent diarrhoea of more than six months duration. Diarrhoea was defined as an abnormal increase in bowel motions (more than 20 per week) and/or a faecal wet weight more than 600 g/72 hours. No patient reported a history of food intolerance, use of drugs possibly related to diarrhoea, including laxatives, or alcohol abuse. No patient had a history of major abdominal surgery. Routine blood chemistry, thyroid hormones, and tests for assessing nutritional status were in the normal range. Repeated search for bacterial or parasitic infections in the stools was negative.
All patients had a normal abdominal and intestinal ultrasonography and normal upper gastrointestinal endoscopy with normal morphology of duodenal biopsy specimens. Small bowel enteroclysis and colonoscopy with multiple biopsies (with inspection and biopsies of the last 10 cm of the terminal ileum when possible) were negative.
After the exclusion of known causes of diarrhoea, patients were submitted to a 75 SeHCAT test. The
75
SeHCAT test was performed as previously described, 3 16 assessing the exponential decrease of radioactivity over the gall bladder area by collimated gammacamera for seven consecutive days. 3 Bile acid malabsorption was diagnosed when 75 SeHCAT half life was less than two days. 16 
EXPERIMENTAL PROCEDURE
Informed verbal consent for obtaining bile samples was obtained from all subjects and controls according to a protocol that was approved by the local ethical committee.
Duodenal bile was collected from all patients with IBAM and from 23 healthy subjects with normal bowel habit who served as controls (mean age 39 years; 12 men and 11 women). The procedure was carried out in the morning after overnight fasting. A nasoduodenal tube was positioned into the third portion of the duodenum under fluoroscopic guidance. A 5 ml aliquot of bile rich duodenal fluid was then collected during intravenous infusion of 50 ng/kg ceruletide (Takus, Farmitalia, Milan, Italy).
The concentration of total bile acid, 17 cholesterol, 18 and phospholipid 19 was measured enzymatically. All bile samples satisfied the requirement of a total lipid concentration greater than 5 g/dl, thus rendering possible a reliable calculation of cholesterol saturation index (CSI). 20 CSI was calculated using the polynomial equation of Thomas and Hofmann 21 based on cholesterol solubility lines described by Hegardt and Dam. 22 Analysis of the conjugated bile acids (CA, cholic acid; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid; UDCA, ursodeoxycholic acid; LCA, lithocholic acid) was carried out by high performance liquid chromatography (HPLC) using a modification of a previously described technique. 23 Analytical grade reagents and deionised distilled water were used. Conjugated bile acids and phenol (internal standard) were purchased from Sigma Co. (St Louis, Missouri, USA). Aqueous KH 2 PO 4 , 2.0 g/l (A), H 3 PO 4 85%, 2.0 ml/l (B) solutions, and gradient grade acetonitrile (C) (Merck, Darmstadt, Germany) were used as the mobile phase. Bile (200 µl) was diluted to 4.0 ml with 100% ethanol, brought to boiling point for 5-10 minutes, and left overnight at room temperature in the dark. The mixture was spiked with 100 µl ethanolic phenol solution (0.5 mg/ml), shaken well, and filtered through a 0.22 µm Millipore filter; 4.0 ml of an ethanolic solution containing 1.0 mg/ml of each bile acid, spiked with 100 µl of internal standard, was used as the standard. A 20 µl aliquot of sample or standard was injected into the chromatograph. SeHCAT test and bile collection-by a decrease in stool frequency (no more than 15 per week) and disappearance of symptoms (abdominal pain, bloating, faecal urgency).
Cholesterol saturation index was 0.97 (0.12) in patients with IBAM versus 1.02 (0.09) in controls (NS). Figure 1 Table 2 shows that no significant diVerences for biliary lipid ratios were found between patients and healthy subjects. Figure 2 shows the distribution of data for biliary bile acid composition. A significant depletion of cholic acid was observed in patients with IBAM. No diVerence was observed for the other bile acids, although percentage deoxycholic acid showed a wide variability in patients with IBAM, ranging from 0.13% to 38.67%; three patients had less than 1% deoxycholic acid in their bile. Mean (SEM) values were 29 (2)% in patients with IBAM versus 36 (2)% in controls (p<0.05) for CA; 44 (2)% versus 40 (2)% (NS) for CDCA; 20 (4)% versus 22 (2)% (NS) for DCA; 4 (1)% versus 5 (2)% (NS) for UDCA; and 3 (1)% versus 4 (2)% (NS) for LCA.
No diVerence was observed for dihydroxy: trihydroxy bile acid ratio between patients with IBAM and controls (2.12 (0.19) versus 1.86 (0.16); NS). SeHCAT half life was not associated with the percentage of cholic and deoxycholic acid, nor with cholesterol saturation index.
Discussion
We have shown that patients with idiopathic bile acid malabsorption have a cholesterol saturation index similar to healthy subjects, indicating that they do not have an increased risk of forming cholesterol gall stones. Data on cholesterol saturation of duodenal bile in patients with bile acid malabsorption of organic cause are conflicting. Earlier studies reported that duodenal bile becomes supersaturated with cholesterol following ileal resection or disease. 13 14 Later, Färkkilä et al however, found a normal cholesterol saturation of duodenal bile in 29 patients after ileal resection. 24 Similar results were obtained from Einarsson's group in patients with Crohn's disease following ileal resection. 25 Similarly, Koivisto and Miettilnen found cholesterol saturation of duodenal bile to be normal in patients with partial ileal bypass 26 and we found this to be true also in patients with ileoanal anastomosis and total colectomy, 27 who have bile acid malabsorption according to the 75 SeHCAT test. 16 The biliary lipid composition of our patients with IBAM showed a percentage enrichment in bile acid, with a corresponding decrease in percentage phospholipid. These findings are similar to those reported by Färkkilä et al in ileal resection patients, although the notable decrease in percentage phospholipids did not reach statistical significance in this study. 24 A possible explanation of this pattern may be an increase in faecal losses of bile acids, causing increased hepatic cholesterol synthesis, which in turn is mainly diverted to bile acid synthesis. 24 Despite the altered percentage biliary lipids composition, biliary lipid ratios showed no diVerences between patients and controls, confirming that idiopathic bile acid malabsorption does not predispose to cholesterol gall stone formation. This is supported by a long term study in a cohort of 23 patients with IBAM, where cholelithiasis was not mentioned as a complication occurring in the natural history of this disorder. 28 Bile acid composition in patients with IBAM was characterised by a significant decrease of cholic acid, without alteration in the dihydroxy to trihydroxy bile acid ratio. Thus, enrichment of the bile acid pool with dihydroxy bile acids does not seem to be the cause of diarrhoea in such patients. Theoretically, measurement of dihydroxy bile acid concentration in the aqueous phase of faeces could provide more information in this respect. As it is however generally observed, not all patients with IBAM pass liquid faeces unless IBAM is severe; their stools are mostly soft, making the measurement of bile acid concentration in the aqueous phase of centrifugate poorly representative of the actual concentration within the colon. Furthermore, faecal bile acid concentration can be aVected by poorly controllable factors and shows large intraindividual and day to day variation, as observed by Setchell et al. 29 Finally, the composition of biliary bile acids more closely reflects the colonic exposure to bile acids. 30 The reduction in percentage cholic acid observed in our patients has also been reported in patients with bile acid malabsorption following partial ileal bypass 31 : in these patients there was also an increase in the hepatic synthesis of both cholic and chenodeoxycholic acid to the same extent. A preferential reduction in the ileal absorption eYciency of cholic acid 32 has been hypothesised to explain these results: we therefore suggest that the primary pathogenic mechanism of IBAM is a selective defect in bile acid absorption of the ileum. Definite demonstration of such a mechanism is however not available. However, recently Oelkers et al have described a family with congenital idiopathic bile acid malabsorption, where mutation in the ileal sodium dependent bile acid transporter gene has been identified. 11 Whether our adult patients represent a more common subset of individuals with partial abnormalities in this gene, is not known, but this may be an attractive working hypothesis.
The mean percentage deoxycholic acid showed no diVerences between our patients and controls. Howewer, three patients had only traces of deoxycholic acid in their duodenal bile. A wide variability in percentage biliary deoxycholic acid but with an overall reduction by comparison with controls has been reported in the ileal resection patients of Lapidus and Einarsson's study, 25 whereas Kern et al have reported deoxycholic acid concentrations ranging from a complete absence up to an increased percentage in their ileal resection patients. 33 Biliary concentrations of deoxycholic acid were found not to correlate with the length of ileal resection. 34 Accordingly, no correlation existed in our patients with IBAM between 75 SeHCAT half life and percent deoxycholic acid. This is in line with the hypothesis that deoxycholic acid concentrations are not dependent on the severity of faecal bile acid loss. 33 A role of abnormal intestinal bacteria has been suggested to explain these findings. 25 33 There is growing evidence that enzymes produced by the colonic bacteria and the degree of slowing of colonic transit time are of paramount importance in determining the level of production of deoxycholic acid, 35 36 which seems to be strongly associated with cholesterol supersaturation of bile, and therefore formation of cholesterol gall stones. 37 The absence of an enrichment of the bile acid pool with deoxycholic acid further supports the hypothesis that patients with IBAM are not at increased risk of forming cholesterol gall stones.
In conclusion, we have shown that patients with IBAM are not at increased risk of forming cholesterol gall stones despite evidence of increased bile acid loss from their enterohepatic circulation. The mechanism of the resulting diarrhoea does not seem to depend on an enrichment of the bile acid pool with deoxycholic acid or other dihydroxy bile acids that might stimulate water secretion from the colonic mucosa.
